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T h c  pri:liary objec- t i \es  of t h i s  progrdirl  a r e  to a s s i s t  t he  J e t  

P r o p u l s i o n  L a b o r a t o r y  of the  Ca l i fo rn ia  Inst i tute  of Technology i n  

the  eL-alclcttioc of p o l y m e r i c  i:iaterials t o  b e  t ined i n  connect ion with 

J P L  s p a c e c r a f t s ,  and  to  p r o i i d e  a s tudy of t he  efit-cts of s i m u l a t e d  

J ?ai e c rd i t  e n l  i roIi:?iriit on = e lec  t zd  c onin, e r c ial ?ol\-ine r I C  p r o d u c t s .  

The m a t e r i a l s  d:ld p r o d d c t s  t o  be s t i ld ied  and  the  ex ten t  of the  w o r k  

to  be pc.rfor!i,ed a r e  s p r i i i i ~ d  5) t h e  JPL CogniLaiit Eng inee r .  

F a b r i c a t i o n  h a s  been ~ o m p l e t e d  for the mul t ip l e -  Le l !  unit  to 

be i l s e d  for the t h e r m a l - l a c u u n ,  e x p o s u r e  of t he  aboLe m a t e r i a l s .  

The 3j stem i b  being assei.?t)itld fo r  check-out  oi f i t t ings  a n d  we lds ,  

r e f r i g e r a t i o n ,  C:id t he r l i i a l  Lcrntroi. F a b r i c a t i o n  ot  holding f i x t u r e s  

for  san-p ie  !Ildteridia i:, u i i d e ~ v . ~ )  arid p r e p a r a t i o n  oi t e s t  s c h e d u i e s  

and d a t a  f o r i n s  is near coitipletion. 



FLbr ica t ion ,  assei : ibi  \ .  d:id z>rc l i : iL indry  check-out  h a s  b e e n  

cL)iiipleterl ir3r t ne  x a c : i u l ~ i  31 ~ t t . : i ~  dIid the hehtcd sdiriple chambers  

: \ h i ~ h  ., 111 be  u s e d  for tne deter i i l lnat ion oi t he  depos i t i on  and  s u b -  

seqluent e \a?Drat ion of volat i le  c ondensable  i i i a t e r i a l  w i t h  t i m e .  
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1 l t . c  hanicsll P r o p e r t i e s  

Six- JVeek S t o r a g e  T e s t s  

In s i t u  t e s t s  o i  t he  e f f ec t s  o i  t he  bacuurn - the rma l  enLironment  -- 
on the  m e c h a n i c a l  behav io r  of e l a s t o m e r s  Hyca r  520- 0 7 -  108- 4 and 

But11 r u b b e r  EX-1090, and h f y l a r  f i lm Tk-pe 500A,  w e r e  comple t ed  

on  Mal 25. In addi t ion ,  r i i l g  speci i r iens  of H y c a r s  -4, - 5 ,  - 0 ,  

SE- 3704, and SE- 360-1 a s  wel l  a s  dunibbel l  spec in l ens  of Lf ) - l a r  

and Bake l i t e  Po lysu l fone  film ( P - 2 3 0 9 )  w e r e  s t o r e d  in  the  t e s t  

c h a m b e r  and \-.ere t e s t e d  dt  t h e  c o r i ~ l u a i o n  2: the  e r p o s i i r e  per iod .  

A l l  r e s u l t s  i r e  p r e s e n t e d  below. 

R e s u l t s  of cont inuous  arid in t e rmi t t en t  s t r e s s  r e l a x a t i o n  t e s t s  

of H y c a r - 4  and Buty l  r u b b c r  EX-1390 a r e  shown i n  Tab le  VII. 

c o m p a r i n g  these r e s u l t s  c.ith :,revious da t a  ', it is noted tha t  

t he  behav io r  of H y c a r - 4  i s  approx ima te ly  c o n i p a r s b l e  to  tha t  of 

Iiycrar- 2 ,  bo th  cornpos i t ions  3howi:lg more  ex tens ive  cha in  s c i s s i o n  

than  Hy-car-i .  

500 h o u r s  of e x p o s u r e  to  the  v a c u u m - t h e r m a l  envi ronnient  fo r  t he  

H y i a r  c l a s t o n i e r s  t hus  f a r  tes ted ,  c a n  b e  portray-ed a s  follows: 

By 

The  r e l a t i v e  d e g r e e  of cha in  s c i s s i o n  effected by 

The  relkt i r -e  r z t e s  of c r o s s - l i n k i n g ,  

be tween cont inuous and in t e rmi t t en t  measc l re i i ien ts ,  c a n  be  shown a s  

a s  i i i ca su red  bl- t he  d i f f e rence  

Hyca r -1  < H l c a r - 3 ,  H y c a r - 4  << i- iycar 2 



Exd!::inatiun uf t he  data  of Table i r I i I  a:tc: cGrll?drison with p r e -  

v i o u s  da t a  . y i e l d s  c o n f i r m i n g  inforriiatioii t ha t ,  of  t he  f i r s t  fou r  

Hycar  e l a s t o n i e r s ,  

v a c u u m - t h e r m a l  envi ronment .  IJov. ex-er. on t h e  b a s i s  of t he  effeLts 

on t e n s i l e  p r o p e r t i e s  shown i n  Table VIIZ H y c a r - 5  and  - 6  a p p e a r  t o  

b e  s u ? e r i o r  t o  Hycar-1.  S i i ~ i i l a r l y ,  c o i n p d r i s o n s  of the m e a s u r e d  

c h a n g e s  L O  m o d u l u s  dnd r u p t u r r  strcliil Lalues i i idicate the  following 

o r d e r  of s t ab i l i t )  to  t h e  \ a c u u i x - t h e r m a l  e n \  i ron rnen t  for t h e  sili- 

cofie e l a s t o m e r s :  

1, 2 

Hycar-1  apDedrs  to  b e  the least  affected b!, t h e  

T a b l e  IX su:?inidrizes the  effects  o f  the L ~ C  uurm-thernial  e n v i r o n -  

m e n t  on t he  t e n s i l e  p r o ? e r t i e s  of LIylar and polysul ioi le  filins. 

p o i y s d f o n e  iilnl a p p e a r e d  to b e  onl) s l i gh t l )  a f f ec t ed  b )  the e x p o s u r e ,  

isl th zbout a 2570 i n c r e a s e  i:l modulcls and  a1:i:ost no change in  r a p t u r e  

p r o p e r t i e s  bc ing  o b s e r v e d .  

change,  in that  modulus  i n c r e a s e d  i n o r e  than  two-fold and  yield 

stra:n d e c r e a s e d  b j  about  Socob, a l though r u 2 t u r e  p r o p e r t i e s  ( b a s e d  on 

s ingle  t e s t s )  V. e r e  a1r:iost uiizifected. 

T h e  

The hi) lar  d e m o n s t r a t e d  c o n s i d e r a b l e  

In s i t d  < o n s t a n t  load t e s t s  of Alllar v,ertf conducted with d a p l i c a t e  -- 
s F e c i m e n s  sub jec t ed  t o  l o a d s  oi 1500 and 2 0 0 0  ps i .  

1,- *idtion - 

t h e r m a l  enviroiiiilent; no c h a n g e  w a s  noted t h e r e a f t e r .  

r1:ation values, b a s e d  on a n  effect ive gage l eng th  of 0. 8 inch, a r e  

showln below: 

- A l l  c r e e p  d e f o r -  

o c c u r r e d  vLithin the  i i r s t  100 h o u r s  o f  e x p o s u r e  t o  t h e  vacuum-  

To ta l  de fo r -  

Deformation,  i n /  in  

Z O O 0  ?si  1500 p s i  

. i l d  . 0 3 7  

. 0 3 7  . 0 2 >  

z4\-e. . 050 . 0 3 1  
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The c u r r e n t  vacuum-  t h e r m a l  s t o r a g e  p r o g r a m  \%,as in i t ia ted  on 

J u n e  14, when t e m p e r a t u r e s  w e r e  i n c r e a s e d  to  125OC a f t e r  condi t ion-  

i n g  a t  50°C for  about  170 hours. M a t e r i a l s  unde r  inves t iga t ion  a r e :  

( a )  Continuous diid ir i terrnit tent s t r e s s  r e l axa t ion  
H y c a r s  - 5  and  - 0  

Constan t  loan  (dupl ica te  s p e c i m e n s  a t  7 ,  500 and 10, 000 ps i )  
Kapton 200XH667 

Kapton 200XHOb7 (poly imide  f i lm ,  DuPont)  
T e d l a r  200SG40TK (polyvinyl  f luo r ide  f i lm  DuPont)  
SE- 556 ( s i l i c o n e  e l a s t o m e r ,  

(b)  

( c )  S to rage  

G e n e r a l  E l e c t r i c )  

0. 8 3  0. 7 6  

Tdble VI1 
Effec t  of VaL ~ U I X -  T h e r m a l  Env i ronmen t  

on S t reas- ! i r laxa t ion  Behav io r  of 
H\ c a r  arid Butvl  Rclbbers 

Int e r I 11 1 tt e nt 
Ala te r ia l  ; A p p r o x  T i m e  to  ; I ! t ) ,  f ( 0 )  a t  

\ f ( t ) / f  ( 0 )  >1. 0 j zd h r s  500  

H y c a r - 4  1 5 1. 0 3  1. 03 1 -- ----I---- ~ - 

I h o u r s  I h o u r s  

0.5 1 
i - 

E X -  1090 1 
I 
i 1. i 7  1. 00 
I 

Notes :  1. ,411 t e s t s  conducted at  s t r a i n s  of a p p r o x i m a t e l y  0. 25  

2 .  Data obtairred i r u i r i  b e s t  c u r v e s  d ramn  through 
dupl ica te  t e s t  r e s a l t s .  

3 .  E x p o s u r e  condi t ions  c o n s i s t e d  0 x 1  two s t ages :  

(a )  190 h o u r s  at 5OoC and a n  a v e r a g e  p r e s s u r e  
of about  -1 x lo -”  t o r r  

(b)  1004 h o u r s  at  125OC and a n  a v e r a g e  p r e s s u r e  
of about  2. 5 x l o - ”  t o r r .  



- - - _  - _ _ _ _ _  - -___I_---_ __ 
I 

S t r e s s  d t  S t r e s s  S t r a i n  T e s t  
L i d t r r i a l  ' History Terzp. , OC S t r a i n  u i  0. 25, a t  Rupture ,  a t  Rupzure,  i 

1331 ps1 ' i n / i n  \ 
- --- -- -+  --- - - - - ____ ___ 

I 

y.. .- - . > c e . T - 3  C o c t r o l  
Exposed 
C oi-it r c 1 
Exposed 

35 121 
25 243 

1.2; 1 2 8  
1 2 5  2 bO 

920 
030 
305 
380 

I 1. '5 
0 . 4 9  ' 
0. 6 8  
0 .  35 

2 .  13  
3. 1 4  

1. 15  

1 

I 

I 1. b5 

i 
I 

H) c a r -  6 Con t ro l  25 243 1490 1. 2 4  ' 1 . 0 7  Expos ed 25 3 48 1530 

Exposed 1 2 5  232 735 0. 70 

~ 

C ont r o 1 125 16' 800 ! 0 . 9 5  
I 

I 

1 
SE- 3704 C o n t r o l  25 

E x p o s e d  25  
180 595 1. 52 
259 000 0. 73 

S E -  3604 C a n t r o l  2.5 301 500 1. 0 5  
1 Exposed 25 394 boo 0 . 5 9  1 

Cont ro l  123 2 00 i 435 0 . 0 0  j 

EXp0St.d L - -  383 ' 440 0 . 4 2  I 
! I 

I 

I >; 1 
I 

2 .  T e s t s  w e r e  ionducted at a n  e x t e n s i o n  r a t e  of 0. 1 in. /illin. 

3.  Cont ro l  >peci::,ens u e r e  s t o r e d  ht n o r m a l  room condi t ions 
for  t h e  e n t i r e  per iod frorii s p r c i n i e n . p r e p a r a t i o n  t o  final 
t e s :in g. 

4. Expcfsdre coiidit ioiis  L c n s i s t r d  af tv.0 s t a g e s :  (2) i90 hotirs 
a t  50@C and dx a le -dg t .  p r e s s a r e  of  about  4 x lo- '  t o r r ,  
(b )  1004 flours d t  125°C and a n  d s e r a g e  p r e s s u r e  of  abou t  
2.  5 x IO-' t o r r .  

1 2  



l a b l e  IX 
Tt.:isiit P r o p e r t i c s  ui l a r  

and Poly 3 ulfone 
_._-- -- __ _ _  . . 

t l 1Iodulus  
Alate r la1 H i s t o r y  p s i 

- - - ____ i--- -4 _ _  
LIylar Corit r ol 

I 

' 4240 ' 0. 0 5 3 !  1 0 , 7 0 0  i 1. b2 
, I I i 

I 

I 

I 

I 

Exposed  72, 000 

P(>l> su l fone  Cont ro l  82,000 1 - -  - -  j 4 , 4 4 0  I c. 3 8 5  

1 5, t - i ~  1 0 . 0 8 i  
I 

I - -  
I 

Exposed  105,  000  - -  
i 

_.__ ~ ____ L - _- - _ _ _ _ - _  ~ --____ ______.. 

Notes:  1. :\:aterials M c r e :  A I > - l L r ,  T)  pz  5 0 0 ~  
Bakel i te  Folyaulfone P-'7300 annea led  
for  1 h r .  a t  l t 1 5 ~ C  

2.  -411 t e s t s  v e r e  conducted a t  a c r o s s  head r a t e  of 0. 0 2  
;11~'111111 ar,d a t  d t v n i p e r a t u r e  o i  125OC. 

3 .  Tes t  speci:iie:is u e r e  d a i i b b e l l  a h a p e s ;  G .  005- inch th ick ,  
;J. 125 - i nch  width, 0 .  8-inLh t e s t  length.  

length.  

S t r a i n  was 
a l cu la t ed  o:i the b d s i 3  oi a n  0. 8 - i n c h  e f f e c t i t e  gage 

4. E x p o s u r e  condi t ions c o n s i s t e d  of two stages:  (a )  190 
h o u r s  a t  50OC anti en a v e r a g e  p r e s s u r e  o i  about 4 x lo-' 
t o r r ,  (b) 1004 hours a t  i 2 5 O  C dnd a n  a v e r a g e  p r e s s u r e  of 
about  2. 5 x lo - '  t o r r .  

5. Yield v a l u e s  f o r  h:j.lar v v e r e  obtained a t  t h e  i n t e r s e c t i o n  
of t he  m o d u l u s  !:ne and the tangent  to  the yielding c u r v e .  

0. Rupture  d a t a  ior  Mylar  a r e  siiigle t e s t  v a l u e s ;  all o the r  
da t a  a r e  a v e r a g e  values  of four  t e s t s .  
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Eight-  Month S t o r a g e  T e s t s  

Dar ing  thy p a s t  month  of s t o r a g e  a t  cons t an t  s t ra i : i  i n  a n  e n v i r -  

s:xi!ent oi i 25OC and < l o - ”  t o r r ,  no s;l inples have r u p t u r e d ;  e l a s -  

t o m e r s  b e i n g  e x a m i n e d  a r e  G e n e r a l  E l e c t r i c  SE- 3604 ( s i l i c o n e ) ,  

3 u  P o n t  Viton -444llA- 990 (vinyl idene f luo r ide -  hexa f luo ropropy lene ) ,  

aiid G o o d r i s h  H y c a r - 1  (po lyac ry l i c ) .  

6- l! 2 m o n t h s  of s t o r a g e  have been  c o m p l e t e d ;  f ive s a m p l e s  r u p t u r e d  

d u r i n g  o u t g a s s i n g  a t  4 0 0 C  ( S E - 3 ~ 0 - 1  6nd Viton A4411A-390 a t  m a x i -  

I I : U ~  s train) ;ind 3 sanipies rup tu red  d u r i n g  the f i r s t  v,eek a t  125°C 

( H y c a r - i  at m a x i m u m  s t r a i n ) .  

.As of t h i s  r e p o r t i n g  p e r i o d ,  

Long- t e r : i i  c 011stiiiit-ioLid t e s t s  of pol>phenylene oxide f l l m  in  

t h e  t h e r m a l -  vacuum envi ronment  have nom b e e n  i n  p r o g r e s s  f o r  

4 rxonths.  

almost negl igible  c r e e p  du r ing  t h i s  pe r iod ;  hov, e v e r ,  one  s p e c i m e n  

at 1750 p s i  r u p t u r e d  d u r i n g  the t h i r d  month.  

The  P P O  s p e l l i n e n s  ( G e n e r a l  E l e c t r i c )  have  shov,n 

14 



F U T U R E  14-ORK 

It is an t i c ipa t e (  

M a t e r i a l s  Evalua t ion  

tha t  t he  f a b r i c a t i o n  of ho 3ing f i x t u r e s  will  b e  

comple t ed  and the  f i rs t  r u n  will  b e  in i t ia ted  d u r i n g  the  next  work ing  

pe r iod .  

Volat i le  Cond e n s ab1 e Mat e r ial 

h l i c r o -  V C l l  d e t e r m i n a t i o n s  will  b e  conrinued on a rou t ine  b a s i s .  

It is an t i c ipa t ed  tha t  no d i f f icu l t ies  m i 1 1  b e  encoun te red  v i t h  t he  

m a c r o - V C L l  a p p a r a t u s  and tha t  r u n s  m i l l  b e  m a d e  on a cont inuing 

basis. 

Volat i le  h l a t e r i a l  

Work is coninuing on the  m a s s  s p e c t r o m e t e r  a n a l y s e s  of sub-  

s t a n c e s  r e l e a s e d  f r o m  po lymer i c  m a t e r i a l s  at 125OC i n  vacuo.  -- 

Mechanica l  P r o p e r t i e s  

W o r k  wi l l  cont inue on  the  m e a s u r e m e n t s  of s t r e e -  r e l a x a t i o n  

c h a n g e s  f o r  s e l e c t e d  p o l y m e r  du r ing  a 6-week e x p o s u r e  t o  t he  t h e r m a l -  

v a c u u m  env i ronmen t  of 125OC and lo-" t o r r .  

Regu la r  o b s e r v a t i o n s  wi l l  be  m a d e  of t he  status of t h e  e l a s t o m e r s  

wh ich  a r e  s t o r e d  i n  t h e  t h e r m a l -  vacuum env i ronmen t  under  cons t an t  

s t r a i n  f o r  8 m o n t h s  and  of t h e  p l a s t i c  which  is be ing  s t o r e d  unde r  

c o n s t a n t  load  for 6 months .  
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